need screening unless high-grade dysplasia was present. Although the value of pelvic examination is not debated in women with symptoms referable to the female genital tract, the endorsement by several professional societies of less than annual cervical cancer screening in healthy women also begs the question of whether annual pelvic examination (speculum and/or bimanual examination) benefits asymptomatic women. Some sexually transmitted infections are amenable to self-insertion of a vaginal probe or detectable by voided urine specimen. Bimanual examination is insensitive in detecting early ovarian cancer with a high false-positive rate leading to patient anxiety, excessive diagnostic testing, and unnecessary surgical procedures. Future study should focus on the frequency in which healthy asymptomatic women should undergo pelvic examination.
Case 1 . A healthy 19-year-old university student has been sexually active for 4 months and requests oral contraceptive pills. She has mild dysmenorrhea relieved with ibuprofen and no other complaints.
Case 2 . A 40-year-old woman with 3 children, married for 16 years, underwent tubal sterilization following birth of her last child. She has no complaints. She has been undergoing screening for cervical cancer every year for the past 18 years with no abnormal Pap smears recorded.
Neither of these women are candidates for cervical cancer screening at the time of presentation, and a worthy case can be made that pelvic examination could be deferred as well. However, each would benefit by a discussion of age-appropriate health-related issues. Of course, individual physician judgment remains an essential component of patient care.
In the case of the sexually active student, neither a Pap smear nor pelvic exam is necessary to start oral contraceptive pills [1] . Pap smear and speculum examination should begin no sooner than age 21 [1] [2] [3] [4] [5] .
In fact, other than vital signs, a robust argument can be made that most teenagers do not need a physical examination at all before starting oral contraceptive pills. Sexually active women under 26 should be assessed periodically for sexually transmitted infections (STIs), primarily Chlamydia trachomatis [6, 7] . Testing can be performed by instructing the patient to self-insert a nucleic acid amplification probe into her vagina or by submitting a first-pass urine to the same technology. Both of these approaches are preferred by young patients over speculum examination [8, 9] . Sensitivities and specificities for Neisseria gonorrhea and C. trachomatis are excellent for physician-and patient-collected vaginal specimens as well as first-pass urinary specimens. These tests perform equally well in symptomatic and asymptomatic women [10, 11] . False positives have been reported on the urinary nucleic acid amplification platform for C. trachomatis , and patient recall for cervical or vaginal swabbing is advisable when the first-pass urine test is positive [10, 11] .
The second case involves a healthy woman in a longterm monogamous relationship and multiple negative cervical cancer screens. Her lifetime risk of developing cervical dysplasia is very low, and hence, annual Pap smear is not cost-effective. Pelvic examination in asymptomatic women is also low yield [12] . Tubal ligation appears to decrease the lifetime risk of ovarian cancer by at least 33% [13] .
Early Cervical Cancer Screening
The Pap smear (cytological screening for premalignant and malignant cervical cells) was developed by Dr. George Papanicolaou at Cornell University in the 1940s. Both traditional slide preparations and newer liquidbased cytologies remain acceptable screening procedures in current practice [14] [15] [16] . Although 'cervical cytology' is a better descriptive term for contemporary cervical cancer screening (particularly with the wider adoption of liquid-based technologies), the more conventional term 'Pap smear' will be used in this paper.
The American Cancer Society (ACS) first advocated universal annual Pap smear screening in 1957, and the American College of Obstetricians and Gynecologists (ACOG) followed suit in 1975 after years of recommending conditional screening [17] [18] [19] . By 1980, the ACS recommendations were modified to endorse a Pap test annually beginning at age 20 or at initiation of sexual activity, but after two consecutive negative Paps, screening could be extended to every 3 years until age 65 [17] . ACOG continued to endorse annual screening for all after initial testing at the onset of sexual activity or by age 18. This 'disagreement' prompted a lively debate [20] . Since 1980, ACOG, ACS, and US Preventive Services Task Force (USPSTF) have periodically modified guidelines for cervical cancer screening ( table 1 ) [3, 5, 21] .
Early recommendations for annual cervical cancer screening appear to have been based more on tradition and convenience than science. Since cervical screening had been associated with declining rates of invasive cervical cancer, tying annual contraceptive management visits with a Pap smear seemed logical [17] . On the contrary, annual cervical cancer screening has never been the norm in most of the developed world and is not recommended by the European Commission or the World Health Organization [4, 22] . Furthermore, annual screening has not proven more effective in preventing cervical cancer than screening performed every 3-5 years [22] . Over the past decade, consensus opinions from professional societies (particularly those in the US) have evolved away from the concept of annual or frequent Pap screening for all women. What happened?
• Discovery of chronic high-risk human papillomavirus (HPV) as the primary causative agent in cervical cancer and the ability to identify viral presence.
• Better understanding of the natural history of HPV infection and cervical dysplasia.
Cervical cancer was the first malignancy for which widespread screening was available. Adoption of Pap smear screening remains one of the great successes of the 20th century in disease prevention. In the 60 years since the introduction of the Pap smear, the incidence of invasive cervical cancer in the US and Europe has tumbled by over 50% with a matching decrease in mortality [21, 23] , but the worldwide incidence remains high and continues to rise especially among indigent and medically underserved populations [24, 25] . Eighty-six percent of all cervical cancers and 88% of all cervical cancer deaths worldwide are reported from countries with limited resources for screening and treatment [21, 25] . The highest rates of cervical cancer occur in areas with a high prevalence of HPV and human immunodeficiency virus transmission, specifically Latin America, sub-Saharan Africa, and south Asia [26] . Even in resource-rich countries with accessible health care, many women at high risk of developing cervical cancer fail to present for any health screenings much less a Pap smear or pelvic exam. Over 50% of those who develop cervical cancer have never been screened, and another 10% more have not been screened within the previous 5 years [14, 27] . Accordingly, the larger issue public health issue at hand is getting all women screened on a regular basis [28] .
Human Papillomavirus
HPV is recognized uniformly as the primary cause of cervical cancer [1, 25] . HPV is an STI, and 50-70% of sexually active women in the US will test positive for HPV within 3 years following initiation of intercourse [29] [30] [31] [32] [33] . As many as 80% of women will be exposed to one or more high-or low-risk HPV types at some point during their lives [34] . Widespread HPV vaccination of adolescent boys and girls is likely to be the best weapon in preventing future cases of cervical cancer in women and HPV-related diseases in men, but some parents have been reluctant to allow vaccination of their adolescent children. Cost of the vaccine series and concerns that HPV vaccination will promote sexual activity represent the two largest barriers to vaccination in the US [35] . Given the high prevalence of HPV in young women (even in higher socioeconomic strata), withholding this vaccination would seem unwise. In resource-poor countries, the cost and distribution of HPV vaccination will be a challenge for the foreseeable future [25, 36] . Two HPV vaccines are currently available in the USthe bivalent Cervarix (genotypes 16 and 18) and the quadrivalent Gardisil (types 6, 11, 16, and 18). Genotypes 16 and 18 account for 70-80% of all cases of invasive cervical carcinoma [37, 38] . Genotype 45 is common in women with invasive adenocarcinoma of the cervix [38] . Despite proven effectiveness, universal vaccination is not expected to be totally eradicative since another dozen or so HPV genotypes (particularly 31, 33, 35, 52, and 58) carry lesser oncogenic potential [38, 39] . Even if widespread vaccination can be implemented, it is estimated that 15-20 years will pass before a substantial reduction in cervical cancer is realized [40] .
Women who have completed the three-part series of HPV immunizations should undergo Pap screening identical to those who have not been vaccinated [6] . Young women with prior cervical dysplasia or established HPV infection are candidates for vaccination due to high efficacy against infection with HPV strains for which they may be immunologically naïve [41] .
Natural History of Cervical Dysplasia and HPV Infection
In the past, prevailing opinion held that mild dysplasia (CIN-1) eventually developed into severe dysplasia (CIN-3), which ultimately evolved into invasive cervical cancer unless an intervention was performed. Sadly, this assumption has not been validated by longitudinal study. CIN-1 is now recognized primarily as a manifestation of viral infection rather than a neoplastic lesion [42] . In the past, many women with mild cervical dysplasia were subjected to unnecessary therapeutic procedures (loop excision or conization) and were placed at risk for immediate morbidity (hemorrhage) or future obstetrical complications (cervical incompetence, preterm labor, and preterm birth) [43] [44] [45] [46] .
In the absence of a compromised immune system, most women clear the HPV from the genital tract within 8-24 months following infection [6, 30, 31] . Young women tend to be more successful in eliminating the viral load than older women. In fact, up to 91% of young women with low-grade intraepithelial neoplasia (LSIL) on Pap smear will record a normal test at 3 years without treatment [32] . Only those with persistent high risk HPV (particularly with the more oncogenic genotypes 16 and 18) tend to develop cervical dysplasia, and the persistence of HPV tends to correlate with higher rates of advanced dysplasia found in older women [30, 38, 47] . Since women aged 25 or younger with HPV and cervical dysplasia are likely to clear these conditions spontaneously, the recommendation to hold Pap screenings until age 21 has evolved in the US although most EU countries defer screening until age 25 or later [2, 4, 30, 48] .
New Recommendations for Cervical Cancer Screening
Annual Pap testing has never been established to be a cost-effective strategy [49] . Several organizations recently have modified recommendations for cervical cancer screening, including (1) ACOG [6, 14] , (2) ACS/American Society for Colposcopy and Cervical Pathology (ASCCP)/ American Society for Clinical Pathology (ASCP) [3, 50] , and (3) USPSTF [5, 51] ( table 1 ). The US-based guidelines are relatively uniform with only minor differences, but in aggregate, they represent a clear departure from the concept of the 'annual Pap smear' in women without a history of cervical dysplasia. Parenthetically, these newer guidelines conform more closely to existing European Commission recommendations ( table 1 ) . Women with a history of cervical dysplasia (particularly CIN-2 or greater), infected with the human immunodeficiency virus, or who are immunosuppressed fall outside of these guidelines and will not be addressed in this review. Women who were exposed to diethylstilbestrol in utero constitute another group who should be screened annually since the lifetime risk of CIN-2 or greater is twice that of unexposed women [52] .
Initial Screening
Three US-based organizations (ACOG, ACS/ASCCP/ ASCP, and USPSTF) now advise that cervical cancer screening should start no earlier than age 21 irrespective of when sexual activity was initiated [3, 5, 6, 50, 51] . In contrast, European Commission guidelines recommend initial screening between the ages of 20 and 30 with wide variations existing among countries. Women at age 20 are eligible for screening in Germany and Austria while Finland and the Netherlands defer initial screening until age 30. Age 25 is the earliest age eligible for screening in most of Europe [2, 4] .
Contrary to early Pap recommendations formulated over a generation ago, contemporary guidelines are based on sound epidemiology. Although up to 70% of young women contact HPV shortly after initiation of sexual activity, around 70% clear the infection spontaneously within 2 years [30] [31] [32] [33] [34] . Furthermore, most teens and young adults do not experience neoplastic change, and of those who do, the overwhelming majority clear dysplastic changes spontaneously. Even CIN-2 or greater tends to regress without further treatment in young women with resolution rates reported at 61-65% and 75-91% at 12-18 months and 3 years, respectively [32, 53, 54] .
Invasive cervical cancer is rare in women less than 21 years of age. The SEER database recorded only 1-2 cases per million females between the ages of 15 and 19 [23] . Given the undeniable rarity of cervical cancer in women less than 21 and the potential morbidity and anxiety associated with diagnosis and treatment of mild dysplasia, aggressive screening, diagnostic testing, and treatment of dysplasia in this age group would seem difficult to justify [1] .
There is no scientific basis to insist upon a Pap smear before initiation of hormonal contraception; however, sexually active young women should be screened for STIs [6, 7] . Perhaps a weakness in current guidelines is the policy of screening women 21 and older who have never been sexually active. Overscreening in this select group leads to excessive healthcare expenditures and the inevitable false-positive results associated with overtesting.
Screening in the 3rd Decade (Ages 21-29)
Screening during this decade is now recommended every 2 years by ACOG and every 3 years by ACS/ASCCP/ ASCP and USPSTF [5, 14, 50, 51, 55] . In contrast, the European Commission recommends screening every 3-5 years [2, 4] . Again, those with specific risk factors (human immunodeficiency virus, prior dysplasia, etc.) should follow established guidelines designed for these special populations.
Screening in Women Age 30 and over
New ACOG, ACS/ASCCP/ASCP, and USPSTF guidelines recommend screening every 3 years in women who have had consecutive negative Paps [3, 5, 14, 50, 51] . European Commission guidelines do not differentiate those under age 30 from older premenopausal women, continuing to recommend screening at 3-to 5-year intervals [2, 4] . The more negative Pap screenings recorded over a lifetime, the greater likelihood of subsequent normal screens [2, 4, 6] .
High-sensitivity HPV DNA screening should be considered in this age group. In the past, HPV testing was usually limited for disposition of premenopausal women with atypical squamous cells of uncertain significance on Pap and postmenopausal women with LSIL. In the large, randomized POBASCAM trial, the addition of HPV DNA testing to cervical cytological screening led to earlier detection of CIN-2 (and higher grade lesions) compared to cytology alone resulting in decreased progression to CIN-3 and invasive cervical cancer [56] . The recently published EUROGIN roadmap recommends addition of HPV screening every 5-8 years in addition to periodic cytological screening in women age 30-35 and older [36] . Because of the high prevalence of HPV infection in women under 30 years of age, routine HPV screening is not recommended in this age group [57] . Women age 30 and over with a negative cervical cytology and negative HPV DNA are at very low risk for development of dysplasia over the next 4-6 years [1, 36, 56, 58, 59] .
Menopausal Women
The age when Pap screening can be safely discontinued is not clear. Postmenopausal women with several negative Paps are at low risk for cervical cancer, but those with new or multiple sexual partners may warrant continued screening [14] . ACOG recommends screening until age 65-70 if three negative cytologies have been obtained in the past 10 years [14] . ACS/ASCCP/ASCP, USP-STF, and European Commission guidelines recommend cessation of screening at age 65 under relatively similar conditions [2-5, 50, 51] .
It is noteworthy that a substudy of the HERS data found that Pap screening in postmenopausal women may be associated with higher false-positive results than in younger populations due to vaginal/cervical atrophy [60] .
Pap smears are not a sensitive screening modality for endometrial cancer (unless endocervical involvement is present or with 1 50% myometrial invasion) and should not be used for this purpose. When endometrial or uterine malignancy is suspected, direct endometrial biopsy or dilation and curettage are indicated [61] [62] [63] .
Hysterectomy
Women who have undergone hysterectomy without a history of dysplasia no longer require Pap screening [3, 5, 14, 50] . Supracervical hysterectomy patients should continue screening according to age group and risk factors. Women with CIN-2 or higher at hysterectomy should continue annual screening for at least 20 years [3] . Those with CIN-1 at hysterectomy can be individualized, but many physicians would offer continued screening. Despite these recommendations, it is important to note that vaginal cancer is rare among gynecologic malignancies. The lifetime incidence of in situ and invasive disease is approximately 1 case per 200,000 women, even after hysterectomy for cervical dysplasia [64, 65] .
The Pelvic Examination as Part of Well-Woman Screening
The shift away from annual cervical cancer screening leads to another and perhaps more controversial question. Do healthy women benefit from annual pelvic examination? Although recommended by ACOG and a common practice in the US, routine annual pelvic exam in asymptomatic women is seldom practiced outside of the US [12, 22, 66] . Any screening exam in asymptomatic individuals has potential to benefit (treatment or early intervention of disease) or cause harm (false positives leading to further diagnostic testing, expense, anxiety, and unnecessary surgery) [67] . Routine pelvic examination used for the purpose of screening for gynecologic pathology would be expected to have similar risks and benefits. Within this framework, the necessity of pelvic examination as part of the annual female physical exam is worthy of reconsideration. Again, the discussion herein will be limited to the asymptomatic patient. The benefit of careful examination in women with pelvic pain, abnormal uterine bleeding, incontinence, vaginal/vulvar itching, and other gynecologic complaints is not debated. Furthermore, annual physician contact to promote a healthy lifestyle, identify and discuss medical concerns, and to enhance the patient-physician relationship remains a worthy endeavor [66] .
The traditional pelvic examination is a multistep procedure consisting of (1) visualization of the external genitalia, perineum, and anus, (2) speculum-assisted inspection of the vagina and cervix, and (3) bimanual palpation of the uterus, ovaries, and adjacent structures. Rectal examination is often included. Pelvic examination remains a crucial part of the physical examination in women with symptoms attributable to gynecologic conditions. On the other hand, pelvic examination may evoke anxiety, embarrassment, and fear that discourages or delays some women from pursuing medical services for STI screening, contraception, or even more serious diseases [12, 68] . Unfortunately, this may translate into higher unplanned pregnancy rates, transmission of STIs, and increased risk of salpingitis (and by extension, chronic pelvic pain and tubal infertility) [69] .
Pelvic examination has been touted as a prerequisite for initiation of hormonal contraception, postmenopausal hormone therapy, and gynecologic cancer screening (especially ovarian cancer), although there is a lack of scientific basis for pelvic examination for these indications [12, 14, [70] [71] [72] [73] [74] . Periodic screening for C. trachomatis is recommended by ACOG and the Center for Disease Control in asymptomatic sexually active women under the age of 25, and this can be accomplished by use of a patient-inserted vaginal probe or first-pass urine with nucleic acid amplification [6, 66] . Obviously, cervical cancer screening by Pap smear requires speculum examination, but whether the further addition of bimanual examination provides additional benefit is unknown [12, 74, 75] . One recently published study of vaginal fluid self-sampling for cytology and HPV testing in women over 50 has shown promise as a noninvasive screening strategy for premalignant conditions of the cervix [76] .
Although the value of pelvic examination in women with symptoms referable to the female genital tract should not be diminished, pelvic examination in healthy, asymptomatic women has not been assessed in prospective, randomized trials. Through the years, recommendations for annual pelvic examination have been made primarily by ACOG ( table 2 ) [6, 17, 19, 55, 66, 77, 78] . The USPSTF has not ventured an opinion on this topic [21] . A 2012 ACOG Committee Opinion paper recommends annual pelvic examination in women age 21 and older but admits that this suggestion is based on expert opinion with no evi- [19] 1975 annually ACS [17] 1980 age 20-40 every 3 years, then annually after 40 ACS [77] 1988 annually ACS [55] 2002 no recommendation USPSTF [21] 2003 no recommendation ACOG [78] 2003 annually ACOG [6] 2009 annually ACOG [66] 2012 annually, but could be deferred after shared decision making between physician and patient dence supporting or refuting routine pelvic examination in asymptomatic women [66] . Indeed, no evidence exists to support annual pelvic examination as a cost-effective or efficacious measure in decreasing mortality from ovarian, endometrial, vulvar, or vaginal cancer [21] . Even in 1980, the ACS recommended pelvic examination every 3 years for women between ages 20 and 40, and then yearly after age 40 as a screen for gynecologic cancers. The reluctance to recommend annual bimanual pelvic examination for those under 40 was based on mathematical probability: 10,000 women under 40 would require examination to detect one ovarian cancer in the asymptomatic phase [17] . Perhaps in deference to the absence of evidence, the 2012 ACOG Committee Opinion concedes that 'the decision whether or not to perform complete pelvic examination at the time of periodic health assessment for the asymptomatic patient should be a shared decision between patient and her healthcare provider' [66] . Stormo et al. [79] surveyed 1,250 physicians from three specialties (ob/gyns, internists, and family physicians) concerning their utilization of pelvic examination and found that the most common indication was 'part of wellwoman examination' followed by (in order) 'ovarian cancer screening', 'screening for other gynecologic cancers', 'STI screening,' and 'as a requirement for hormonal contraception'. As discussed earlier, STI screening can be accomplished without physical examination and use of hormonal contraception does not categorically require pelvic examination [14, 74] .
Even under ideal circumstances, bimanual examination has poor sensitivity to detect adnexal masses. In one prospective study (n = 140 women), multiple examiners (faculty physicians, resident physicians, and medical students) were asked to examine women under general anesthesia prior to undergoing laparoscopy or laparotomy performed for a host of indications. All examiners were blinded to the indication for surgery. The sensitivity and positive predictive value for detecting a left adnexal mass ranged between 0.23-0.36 and 0.50-0.69 and for a right adnexal mass 0.15-0.28 and 0.26-0.39, respectively. Specificity was reasonable ( 6 0.79) in all examiner groups. Those with more extensive training and experience performed no better than those without, and patient obesity noticeably affected performance [71] . In a repeat study with similar study design, the results were equally disappointing [72] . A viable screening test should have high sensitivity, specificity, and positive predictive value, and examination under general anesthesia performed poorly in two out of three of these factors. The possibility of office examination improving on the performance of pelvic exam under anesthesia for the purpose of screening for ovarian masses would seem remote.
The prevalence of ovarian cancer is low (30-50 per 100,000 women), which confounds safe and cost-effective screening strategies. The accuracy of pelvic examination to detect ovarian cancer is distressingly poor, and 98% of positive screenings for suspected ovarian malignancies by pelvic examination are false positive [79, 80] . Routine serum CA-125 and pelvic ultrasound failed to show significant value in diminishing ovarian cancer mortality over 'usual care' in the randomized, controlled, and adequately powered Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial [81] . Consequently, a situation where routine pelvic examination alone for the purpose of screening for ovarian cancer would benefit symptomfree women is difficult to imagine. In fact, considerable evidence indicates that routine bimanual examination does not lead to earlier diagnosis of ovarian cancer compared to those who do not receive it [12, 71, 73] . The 'postmenopausal palpable ovary syndrome', based on a case series of only 3 patients, was popularized in a 1971 editorial. The authors of that commentary did not disclose how many women required examination to find 3 cases of postmenopausal palpable ovary syndrome and ovarian cancer, how many women with postmenopausal palpable ovary syndrome did not have ovarian cancer at surgery (hence, unnecessary surgery), or whether the 'earlier' discovery of ovarian enlargement improved quality of life or survival [82] . Small case series are best used to formulate hypotheses that should be tested by formal clinical investigation. Overscreening leads to excessive medical procedures and the harm associated with them. In the PCLO trial, 15% of women who underwent surgery for falsepositive ovarian cancer screenings experienced a major surgical complication [81] .
Summary and Topics for Future Study
Performance of cervical cytological screening as part of a routine annual examination for healthy, nonimmunosuppressed women without a history of cervical dysplasia is not supported by current science. Cervical cancer screening has been responsible in large measure for declining cervical cancer rates in the developed world, but with the identification of HPV as the causative agent and epidemiologic studies verifying the natural history of HPV and dysplasia, women should be reassured that screening intervals can be safely extended beyond 1 year. The majority of women who develop cervical cancer have never been screened, and therein lies the greatest challenge. HPV screening in women over 30 may be offered as an adjunct test with the potential to extend screening intervals beyond 3 years. Finally, HPV vaccination holds real potential to relegate cervical cancer to the same fate as rubella, rubeola, smallpox, and other infectious diseases, but this goal will not be realized for at least another generation, even with widespread coverage.
Women, as a whole, dislike speculum and bimanual examinations [12] . Considerable knowledge can be attained from examination of selected patients, particularly those with symptoms referable to the female genital tract. Annual pelvic examination has not been shown to decrease mortality from ovarian, endometrial, vulvar, or vaginal cancer. In light of the recommendations from professional organizations against annual screening for cervical cancer in healthy women, the following questions should be addressed:
• How often should asymptomatic women undergo bimanual examination? • Does speculum examination for Pap smear collection also mandate bimanual examination in asymptomatic women? • What constitutes a proper 'well-woman visit' at different ages? Recommendations for routine screening are constantly in transition and evolution. A prospective, systematic study of the risk and benefits of routine or annual pelvic examination in asymptomatic women is overdue. If a net benefit can be demonstrated, physicians and patients can be comforted. If not, the practice of 'annual pelvic exam' should be eliminated.
